where V, is the factor by which the maximal activity of the low-K, phosphodiesterase exceeds the cyclase activity, V, is the factor for the high-K,,, phosphodiesterase, and KL and KH are the K,,, values for the diesterases (Davies & William, 1975; Arch & Newsholme 1976). The equation gives lines of constant concentration of cyclic AMP on a plot of VH against VL (Fig. 1) . The combinations of VL and VH that are observed to occur in tissues of mammals and birds are represented by the lines A-B (relative to fluoridestimulated cyclase activity) and C-D (relative to the basal activity). These are based on a transformation of the regression line in Fig. 1 of Arch & Newsholme (1976). The slopes of the lines of constant cyclic AMP in Fig. 1 show that, at moderate activities of the low-K, diesterase, the amounts of the high-K,,, diesterase appear excessive relative both to the small effect the enzyme has on the predicted steady-state concentration, and to any required 'safety-valve' effect (Arch & Newsholme, 1976). Another possible advantage of having two phosphodiesterases might be that they could be separately regulated, but the slope of the substrate contours in Fig. 1 suggests that modulation of the activity of the high-K, enzyme will be relatively ineffective compared with control of the low-K,,, enzyme.
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Because the role of the high-K, enzyme is unclear in the simple model, a more realistic model was analysed in which the cyclase and low-K,,, diesterase are located on the outer boundary of a spherical cell, but the high-K,,, diesterase is distributed uniformly through the cell. The dependence of the concentration of cyclic AMP on time and radial position within the cell is governed by Fick's Second Law of Diffusion, which was solved by an explicit finite-difference method, with the cyclase and the low-K,,, diesterase introduced as a condition on the boundary, and the high-K, diesterase represented by a sink term. The details of the results vary with the values assumed for the parameters in the equations, but the following general properties were observed : (i) The mean concentration of free cyclic AMP within the cell is less than that predicted by the simple model, because the action of the soluble diesterase causes the concentration to fall to a minimum at the centre of the cell. When the high-K, diesterase is absent, the concentration of cyclic AMP is the same throughout the cell as in the simple model.
(ii) Modulation of the activity of the high-K,,, diesterase can have a greater effect on the concentration of cyclic AMP than expected from the simple model, but the effectiveness varies with the radial position. Near the cell membrane this diesterase makes little difference to the concentration, but with the contents of the enzymes observed in vivo, it regulates the concentration near the centre of the cell as effectively as does the low-K,,, form.
(iii) The rate of relaxation to a new steady state after alteration of the cyclase activity is greater if the high-K,,, diesterase is present than if it is absent. The factor by which the rate increases is very sensitive to the parameters used and the exact comparison made, but ranges from 1 . 1 to 3.0, and is perhaps not sufficient to be of great physiological significance. Inherent in many studies on isolated muscle is the assumption that events in vivo can be assessed by measurements in vitro. For example, in order to evaluate the effects of starvation and thyroidectomy in the intact animal, protein synthesis has been measured in incubated muscle (Li & Goldberg, 1976) and perfused hemicorpus (Flaim et al., 1978) , 583rd MEETING. CAMBRIDGE although there are established methods for measuring the rate of protein synthesis in the whole animal (Waterlow et al., 1978) . To resolve this, we have measured the rate of muscle protein synthesis in the isolated perfused hemicorpus and in similar rats in vivo.
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Male rats (COBS Wistar, Charles River) were fed on a 20 %-protein diet until they weighed 150-19Og. On the day of the experiment they were selected randomly for either infusion in vivo or perfusion. Food was removed from the starved animals 25 h before measurement of protein synthesis, and all experiments were conducted between 12 : 00 and 18 :OOh. The perfused hemicorpus preparation as described by Jefferson (1975) was used for measurements in vitro. The perfusate contained washed aged human erythrocytes to a haematocrit of 45 %in an initial volume of 145 ml. Bovine albumin was added to a final concentration of 5.25g/100ml of perfusate. Normal plasma concentrations of amino acids were added initially, as well as 11 mwglucose and 0.7m~~pyruvate. Where applicable, insulin (a gift from Novo Laboratories, Basingstoke, Hants., U.K.) was added so that the starting concentration was 25munits/ml of perfusate. After hemisection and flushing with 50 ml of perfusate, a recirculating system was used. After 15 min, 38ml of perfusate was replaced with fesh medium containing 4pC, and 28pmol of [U-'4C]tyrosine. This high concentration enabled the tyrosine to enter the tissue rapidly. In preparations from fed rats the maximum specific radioactivity of tyrosine in muscle was achieved in 6 min, after which the decline was minimal. With this technique we were able to obtain synthesis rates of muscle protein in each individual hemicorpus. At 35min after addition of the labelled amino acid, gastrocnemius muscle and perfusate were taken for measurement of free and protein-bound tyrosine specific radioactivities (Waalkes & Udenfriend, 1957) . Close attention was given to the viability of the preparation.
The rate of protein synthesis in vivo was measured by constant infusion of [U-'*C]tyrosine (Garlick et al., 1973) . After 3 h of infusion rats were decapitated, blood was collected and the gastrocnemius muscles were removed. Samples were analysed in a similar way to those from perfusions (Garlick & Marshall, 1972) . Rates of protein synthesis both in vivo and in vitro werecalculated from specific radioactivities of free and protein-bound tyrosine in muscle.
The results in Table 1 show that in fed rats the rates of protein synthesis in skeletal muscle were identical in vivo and in vitro. A similar relationship was observed with starved rats. If rates of protein synthesis were calculated from the specific radioactivity of free tyrosine in plasma instead of that in the muscle, no marked difference between measurements in vivo and in vitro became apparent. Addition of insulin to the perfusion medium increased the synthesis rate in muscle from starved rats to that observed in fed rats.
In conclusion, the isolated hemicorpus perfused for 50 min reflects synthesis rates in vivo under the conditions studied. It is also a suitable model for studying muscle protein metabolism in vitro, as judged by its response to insulin. Nicotinic acid, which in vivo has hypocholesterolaemic and hypolipemic activity (Altshul et al., 1955; Carlson et al., 1968) , has been shown to have anti-lipolytic activity in vitro both in intact adipose tissue (Carlson, 1963) and in isolated fat-cells (Fain et al., 1966) . This anti-lipolytic property of nicotinic acid is thought to be due to its ability to decrease the concentration of cyclic AMP within the fat-cell (Butcher et al., 1968) , but there is still some doubt as to the mechanism by which this decrease is brought about.
Inhibition of
Thus (Butcher el al., (1968) did not suggest a mechanism, whereas Krishna et al., (1966) claimed that nicotinic acid stimulated adipose-tissue cyclic AMP phosphodiesterase, a finding that several groups of workers have been unable to confirm (Kupiecki & Marshall, 1968; Hepp et al., 1969) . Again Hollmann et al. (1971) have suggested that the primary effect of nicotinic acid was an inhibitory action on adenylate cyclase, but they did not measure directly the effects of nicotinic acid on this enzyme. In the course of studies with rat brain phosphodiesterase, we observed that nicotinic acid potently inhibited the enzyme activity. In view of this finding, we decided to reinvestigate the relation between nicotinic acid and cyclic AMP phosphodiesterase (EC 3.1.4.17) . Since the possibility of tissue specificity exists, preparations from several rat tissues were studied.
Cyclic AMP phosphodiesterase was prepared and assayed as follows. Rats (male Wistar) were killed by decapitation. The selected tissues were quickly excised, weighed, and placed in ice-cold 50m~-Tris/HCl buffer, pH 7.5. The tissues were homogenized in the Tris buffer to yield a 20 % homogenate based on the wet weight of the tissues. Whole homogenates were centrifuged at 3000g for 30min at 4°C and the supernatants were used with appropriate dilutions as the source of enzyme. Enzyme activity was assayed by the isotopic procedure as described by Boudreau & Drummond (1975) with a substrate concentration of 1 ~I M .
Adenylate cyclase activity was determined as described by Albano et al. (1973) with the following exceptions. The assay buffer contained 50m~-glycylglycine, pH 7.5, lOmM-theophylhe, 1 mM-dithiothreitol, 8 mM-MgCI,, 60p~-CaCI, and 1 mM-ATP. The protein content was determined by the method of Lowry et al. (1951) , with bovine serum albumin as standard.
Nicotinic acid inhibited phosphodiesterase isolated from rat brain, heart and liver. Table 1 illustrates the concentration-response relationship for inhibition of phosphodiesterase activity by various drugs. Both nicotinic acid and theophylline, at con-
